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CLEANING-IN-PLACE SYSTEM FOR FLAT
BELTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/856,578 filed on Aug. 13,

2010, the disclosure of which 1s incorporated herein by
reference, and 1s also a continuation-in-part of U.S. patent
application Ser. No. 12/288,602, filed on Oct. 22, 2008,
which 1s a continuation-in-part of U.S. patent application
Ser. No. 11/672,568, filed on Feb. 8, 2007, the disclosures of

which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to flat belt conveying appa-
ratus.

BACKGROUND OF THE INVENTION

Sprockets for driving flat belts are usually made from
stainless steel or plastic that 1s machined or molded. In food
processing applications, sprocket drives are a particularly
critical area for cleaning. It 1s important to be able to
periodically remove the residual matters from the sprockets
and on the rear side of the belt, i1n order to avoid bacteria
growth and spoilage of the food processed on the belt. For
this purpose sprockets have been designed with large open-
ings to allow cleaning medium to pass from the side and
reach the critical areas to be cleaned. Such sprockets are
disclosed for use with modular belts 1n U.S. patent applica-
tion Ser. No. 12/288,602. However, such sprockets are not
ideally suited for use with flat (non-modular) belts. For
example, as depicted in FIGS. 7A-7B, the shape of the teeth,
and lack of support between adjacent pairs of teeth, allow a
flexible belt to buckle as it 1s forced around the periphery of
the sprocket while the belt 1s under tension. Over time, this
buckling causes damage to the belt including cracks on the
surtace of the belt.

Accordingly, there 1s a need for an improved cleaning
system that incorporates a sprocket for use with flexible
belts and that avoids the above-described shortcomings.

SUMMARY OF THE INVENTION

The present invention meets the above described need by
providing a sprocket for a flat belt. The flat belt may have
transverse ribs. The sprocket rotates about a shaft. The
sprocket has a central opening for receiving the shaft. The
sprocket has a plurality of teeth disposed around the periph-
ery of the body. The teeth are angularly spaced about the axis
such that each tooth 1s spaced from the adjacent teeth by a
first opening, for application of a cleaning medium or other
medium as discussed in greater detail herein. Each tooth has
a belt-contacting surface which 1s convex 1n shape such that
the outer-most periphery of the sprocket 1s generally circu-
lar. The belt-contacting surfaces of the teeth guide the belt
around the periphery of the sprocket in order to minimize the
ability of the belt to buckle.

The first opening may be circular, trapezoidal, or any
other shape. The first opening 1s configured expose the
underside of the belt to cleaning medium.

The teeth may each further comprise a second tooth such
that pairs of teeth are disposed around the periphery of the
body, the each pair being spaced from the adjacent pair by
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the first opening. Each tooth of a pair of teeth may be spaced
from the other tooth of the pair by a second opening. The
second opening 1s configured to engage a rib of the belt. The
second openings may be configured to be larger than the
corresponding ribs to allow cleaning medium to pass
between the sprocket and the ribs.

A cleaning system may be arranged proximate to the
sprockets such that a cleaning medium 1s sprayed through
the first opening into the opening disposed adjacent to the
underside of the belt when the belt engages with the
sprocket. The cleaning system may include a manifold 1n
combination with spray nozzles pointed toward the sprocket
and/or belt.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s 1llustrated in the drawings in which like
reference characters designate the same or similar parts
throughout the figures of which:

FIG. 1A 1s a perspective view ol a sprocket suitable for
use with a flat belt;

FIG. 1B 1s a side elevational view of the sprocket of FIG.
1A;

FIG. 1C 1s an end elevational view of the sprocket of
FIGS. 1A and 1B;

FIG. 2 1s a side elevational view of the sprocket of FIGS.
1A-1C with a flexible belt engaged thereon;

FIG. 3 1s a perspective view of two sprockets and a flat
belt engaged thereon;

FIG. 4A 15 a perspective view of another sprocket suitable
for use with a flat belt:

FIG. 4B 15 a side elevational view of the sprocket of FIG.
4A;

FIG. 4C 1s an end elevational view of the sprocket of
FIGS. 4A and 4B;

FIG. 5 1s a side elevational view of the sprocket of FIGS.
4A-4C with a flexible belt engaged thereon;

FIG. 6 1s a perspective view ol two sprockets with a
flexible belt engaged thereon;

FIG. 7A 1s a side elevational view of a prior art sprocket;

FIG. 7B 1s a side elevational view of the prior art sprocket
with a flexible belt engaged thereon;

FIG. 8 1s a perspective view of a belt traversing over
sprockets and a cleaning-in-place system of the present
invention, with a portion of the belt removed for clarity;

FIG. 9 1s a side view of the cleaning-in-place system of
FIG. 8, with a side and a portion of the belt removed for
clarty;

FIG. 10 1s another side view of the cleaming-in-place
system of FIGS. 8 and 9, with additional portions removed
for clarity;

FIG. 11 1s a front view of the cleaning-in-place system of
FIGS. 8-10, with the belt removed for clarity; and,

FIG. 12 1s a rotated view of a portion of a cleaning-in-
place according to an embodiment of the present invention.

FIG. 13 1s a further rotated view of a portion of a
cleaning-in-place according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

FIGS. 1A-1C depict a sprocket 10 having a body 12
which may be constructed from stainless steel, plastic, or
other suitable materials generally known to be food com-
patible and easily cleanable. The sprocket 10 includes a
central opening 14 for engaging a shaft (not shown). The
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shaft may be a drive shaft. The central opening 14 may be
shaped to cause the sprocket 10 to rotate as the shaft 1s
rotated; for example, the central opening 14 may be formed
in the shape of a square. In this manner, the sprocket 10 may
rotate about an axis 15 that i1s coincident with the shaft in
order to drive a belt 90 (see, e.g., FIG. 2). The sprocket 10
may be an 1dling sprocket which 1s rotated about the axis 15
by movement of the belt 90 around the sprocket 10. The
central openming 14 may be formed in other shapes to
accommodate different shaft geometries as will be evident to
those of ordinary skill 1in the art based on this disclosure.

The sprocket 10 has a plurality of teeth 16, 18 disposed in
pairs 20 around the periphery of the body 12. Each tooth 16,
18 has a belt-contacting surface 26. The belt-contacting
surface 26 1s convex i shape such that the outer-most
periphery of the sprocket 10, as defined by the belt-contact-
ing surfaces 26 of the teeth 16, 18, 1s generally circular. The
discontinuous circle formed by the belt-contacting surfaces
26 of the teeth 16, 18 1s centered on the axis 15 and guides
the belt 90 around the periphery of the sprocket 10 1n order
to minimize the ability of the belt 90 to buckle.

The pairs 20 of teeth are angularly spaced about the axis
15 such that each pair 20 of teeth 1s spaced from the adjacent
pairs 20 of teeth by a first opeming 22. The first opening 22
1s configured to align with the underside of the belt 90 when
the belt 90 1s engaged with the sprocket 10 as best shown 1n
FIGS. 2 and 3. In this way, the first opeming 22 allows for
cleaning medium sprayed generally toward the sprocket 10
and belt 90 to reach the underside of the belt 90. The first
opening 22 may be shaped to allow access of cleaning
medium to the belt 90 while maintaining a necessary amount
of belt-contacting surface 26 of the teeth 16, 18 to prevent
buckling of the belt 90. The cleaning medium may comprise
a liqud, gas, a mixture of liquid and gas, a dust, a foam or
any other form suitable for cleaning (collectively referred to
as “medium,” “tluid,” or “cleaning fluid™”). The medium may
also serve other purposes 1n place of or in addition to
cleaning such as sanitation or drying.

In the non-limiting example depicted 1n FIGS. 1B and 2,
the first opening 22 1s circular in shape where a chord of the
circle itersects with the periphery of the sprocket 10 thus
forming edges 28, 30. As such, the wide circular formation
of first opening 22 allows ample cleaning medium to circu-
late, while the smaller peripheral gap created by edges 28, 30
allows the appropriate belt-contacting surfaces 26 to remain
on the teeth 16, 18. The appropriate size of the gap created
by edges 28, 30 will depend on the specific application. For
example, the stiflness of the belt and/or the number and
spacing of ribs in the belt will necessitate more or less
support by the belt-contacting surfaces of the teeth of the
sprocket. The edges 28, 30 or any edges formed by the
clements of the disclosed sprockets may be beveled,
rounded, or the like. The gap formed by edges 28, 30 may
be considered a belt intertface portion 38 of the first opening,
22. Such belt interface portion 38 may be narrower than a
largest diameter (or dimension) of the first opening.

Another embodiment of a sprocket 50 1s depicted 1n FIGS.
4A-6, wherein the first opeming 62 1s trapezoidal. Other
shapes and sizes suitable for the first opening will be evident
to those of ordinary skill in the art based on this disclosure.
The first opening may also comprise multiple openings. As
such, a belt may be exposed to cleaning medium at more
than one position between the ribs of the belt.

The belt-contacting surfaces 26 of the sprocket 10 may
make up approximately 50 percent of the circumierence of
the sprocket 10 (the first openings 22 and second openings
24 making up the other 50 percent of the circumierence).

10

15

20

25

30

35

40

45

50

55

60

65

4

The belt-contacting surfaces 26 may make up more or less
then 50 percent of the circumierence of the sprocket 10
depending on the application (e.g., belt stiflness, number and
spacing of ribs, etc.).

Each tooth 16, 18 of a pair 20 of teeth may be spaced from
the other tooth 18, 16 of the pair 20 by a second opening 24.
The second opening 24 1s configured to engage a rib 92 of
the belt 90. The second opening 24 may be, for example but
not limited to, tapered in shape to engage a tapered rib 92.
The second opening 24 may be configured to be larger than
the corresponding rib 92. For example, a depth d of the
second opening 24 may be greater in length than a height h
of the corresponding rib 92. In this manner, cleaning
medium may pass between the sprocket 10 and the rib 92
while the belt 90 1s engaged by the sprocket 10 1n order to
flush contaminants from the rib 92 area of the belt 90.

The body 12 of the sprocket 10 may have a longitudinal
width which varies. For example, as best shown 1n FIG. 1A,
an mnner portion 32 of the body 12 may have a width W,
which 1s less than a width W _ of an outer portion 34 of the
body 12. In this manner, the volume of material necessary
for the body 12 and the mass of the body 12 may be
minimized (due to the relatively narrow width W, ot the
inner portion 32) while still providing a large belt-contacting
surface 26 (due to the relatively large width W _ of the outer
portion 34). The body 12 may further have a transition
portion 36 where the width gradually increases from W, to
W..

The reduced width W, of the inner portion 32 also has the
beneflt of 1mproving access of cleaning medium to the
underside of belt 90, especially to a portion of the belt 90
which 1s located between two sprockets (see, e.g., FIG. 8,
which shows where a V-shaped spray of cleaning medlum
may be less hindered by a reduced width W ).

Turning to FIG. 2, the sprocket 10 1s shown engaged with
the belt 90. The belt-contacting surfaces 26 of the teeth 16,
18 engage with and ease the belt around the periphery of the
sprocket 10 and the second openings 24 engage with the
transverse ribs 92 of the belt 90. Also, the first openings 22
provide large openings and improved access to the underside
of the belt 90 for cleaning when the belt 90 passes over the
sprocket 10, while still maintaining suflicient belt-contacting,
surface 26 to minimize the risk of buckling of the belt 90.
The relation of the first openings 22 and the inner portion 30,
transition portion 34, and outer portion 32 of the sprocket
may allow improved access of the cleaning medium to the
belt 90. Similarly, the varying width of the body 12 at the
second openings 24 may allow improve access of the
cleaning medium to the ribs 92.

The sprockets described above are designed such that the
underside of the belt 1s generally accessible regardless of the
position of the sprocket. This sprocket design combined with
the spray techniques described in detail below provide for
optimal cleaning of flat belts. As shown 1n FIGS. 8-13, spray
nozzles 300 are located on a sprocket shatt 303. The shaft
303 comprises a stationary hollow shait or thick-walled
tube. The sprockets 301 rotate on the shaft 303 which may
be constructed of steel or other materials or may be coated
with a ceramic or plastic coating. The cleaning medium
enters through an inlet 304 and passes through the hollow
shaft 303 and exuts the shaft 303 as a spray 302 through the
nozzles 300. As best shown 1n FIGS. 11-13, the nozzles 300
are primarily disposed on the shatt 303 between the sprock-
ets. There may also be a nozzle 300 located at the end of a
curved section 307 extending from the end of the shait 303.
Location of the nozzles 300 on the shait 303 provides for an
optimal spray angle a as described 1n greater detail below.
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The sprays 302 are designed to be generally tlat (best shown
in FIG. 13) to minimize medium consumption and to
improve the ability of the spray to enter into the openings k
(FIG. 9) between the sprocket teeth 311 and onto the
underside 308 of the belt 306.

As described in greater detail below, the best cleaning
performance at mimimal cleaning medium consumption 1s
achieved with a combination of spray angle and pressure,
relative to the sprocket diameter (1.e., distance of spray
nozzle from the belt surface). The temperature of the clean-
ing medium also needs to be adapted to the specific process.
Also, the supply of the cleaning medium may be controlled
by a customized program to limit the spray time for lowest
possible use of cleaning medium. The program may be
adapted to the specific requirements of the customer pro-
duction process.

As shown 1 FIG. 8, the cleaning-in-place system of the
present invention may be installed on the idling or non-
driven shaft 303 of a flat conveyor belt 306. The belt 306
runs over a plurality of sprockets 301. The sprockets 301 are
rotatably mounted on the stationary hollow shait or thick-
walled tube 303. The shaft 303 1s equipped with a number
of spray nozzles 300 positioned between the sprockets 301.
The spray 1s directed to the underside 308 of the belt 306 as
it passes over the sprockets 301. The spray 1s directed
approximately radially. As described above, the design of
the sprocket 301 1s made in such a way that the underside
308 of the belt 306 1s largely not covered and therefore the
cleaning medium can impinge the underside.

Turning to FI1G. 12, the cleaning-in-place system 1s shown
with the belt 306 and other components removed for clarity.
The distance d between the center lines 330 of adjacent
sprockets 301 determines the distance that the spray must
travel and 1s determined by the spray angle a.. With a larger
spray angle, the sprockets 301 could be placed farther apart.
As shown, a pair of supports 329 hold the stationary shaft
303 in position. The spray patterns overlap at each side.

Turning to FIG. 11, the overlap of sprays 1s suflicient to
allow the cleaning medium to impinge the underside of the
belt through the opemings k between the sprocket teeth.

In FIG. 13, the spray nozzles 300 have a spray pattern 302
that 1s generally tlat and therefore i1s better at entering the
openings k between the sprocket teeth and at entering the
rib-engaging gaps. The nozzles 300 are aligned at an angle
3 to the centerline 340 of the shaft 303. This angle may be
between five and f{fifteen degrees, and 1s preferably ten
degrees. This angle avoids disturbance between the spray
patterns of adjacent nozzles 300 and ensures the penetration
of the spray medium through the openings and gaps from
both sides of the sprocket. As a result of the overlap, the belt
surface can be fully covered.

The following table illustrates the spray configuration for
a sprocket with a pitch diameter of 165 mm.

Sprocket pitch diameter 165 mm (6.5 1n.)

Nozzle type Lechler 612.487 16
Spray angle 120 degrees

Spray alignment 10 degrees
Sprocket/nozzle increment 150 mm (6 1n.)
Number of nozzles per belt width 6/m (2/1t.)

2-10 bar (8 bar preferred)
3.19 liters/min.

Flud pressure (bar)
Fluid consumption at 8 bar/nozzle

The sprocket pitch diameter should not be smaller than
130 mm (5 1n.) and not larger than 200 mm (8 1n.). For other
sprocket sizes, the spray angles and/or the spray/sprocket
distances may be adjusted. The nozzle 1dentified above 1s a
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well known brand that 1s commercially available from
several sources. Other nozzles would also be suitable as waill
be evident to those of ordinary skill 1n the art based on this
disclosure.

A cleaning-in-place system of the present invention may
turther comprise a top surface cleaning manifold 380 which
includes spray nozzles 382 configured to spray cleaning
medium on the top surface 384 of the belt 306 (see, e.g.,
FIGS. 8, 10, and 11).

While the mvention has been described in connection
with certain embodiments, 1t 1s not intended to limit the
scope of the imvention to the particular forms set forth, but,
on the contrary, 1t 1s itended to cover such alternatives,
modifications, and equivalents as may be included within
the spirit and scope of the mvention as defined by the
appended claims.

What 1s claimed 1s:

1. A cleaning-in-place system for a flexible belt, the
cleaning-in-place system comprising:

a non-rotating hollow shaft, having an open, first end
adapted for fluild communication with a source of a
fluid under pressure;

at least one sprocket rotatably mounted to the hollow
shaft, the at least one sprocket rotating in driven
relation about the shait as the flexible belt passes over
and around the at least one sprocket;

a plurality of nozzle members mounted on the hollow
shaft 1n laterally spaced relation to one another, each
nozzle member being 1n fluid communication with the
fluid under pressure;

wherein the at least one sprocket comprises a body, the
body having a first side, a second side, and a plurality
of teeth disposed in pairs, the pairs being angularly
spaced about a rotating axis of the sprocket, wherein
cach pair of teeth 1s spaced from adjacent pairs of teeth
by a first opeming extending from the first side of the
body to the second side of the body, and wherein each
tooth 1n each pair of teeth 1s spaced from the other tooth
in the pair by a second opening extending from the first
side of the body to the second side of the body, and
wherein a belt-contacting surface of each tooth 1is
convex such that the outer-most periphery of the body,
as defined by the belt-contacting surfaces of the teeth,
1s generally circular.

2. The cleaning-in-place system of claim 1, wherein the
plurality of nozzle members provide a flat spray pattern
aligned along a line that 1s angled with respect to a longi-
tudinal axis of the shait by up to fifteen degrees.

3. The cleaning-in-place system of claim 1, wherein the
plurality of nozzle members are aligned along a line that 1s
angled with respect to a longitudinal axis of the shaft by
approximately ten degrees.

4. The cleaning-in-place system of claim 1, wherein the at
least one sprocket comprises a plurality of sprockets dis-
posed along the shatt.

5. The cleaning-in-place system of claim 4, wherein at
least one nozzle member 1s disposed between each pair of
adjacent sprockets.

6. The cleaming-in-place system of claim 1, wherein at
least one of the nozzle members 1s aligned such that spray
from the nozzle member passes through the first opening
formed between adjacent pairs of teeth on the sprocket.

7. The cleaning-in-place system of claim 1, wherein the
spray from a first nozzle member overlaps with the spray
from a successive nozzle member, through the first opening.
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8. The cleaning-in-place system of claim 1, wherein the
nozzle members produce a spray pattern having a spray
angle of ninety to one-hundred twenty degrees.

9. The cleaning-in-place system of claim 1, wherein the
fluid pressure 1s 2-10 bars. 5

10. The cleaning-in-place system of claim 1, wherein the
sprocket pitch diameter 1s 130 to 200 mm.
11. The cleaning-in-place system of claim 1, further
comprising;
a manifold 1mn fluud communication with the source of 10
fluid; and
at least one manifold nozzle member mounted on the
manifold, the at least one manifold nozzle member
being i fluid communication with the fluid under
pressure; 15

wherein the manifold 1s configured proximate a top sur-
face of the flexible belt.

Gx e * % s
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